Electron microscopy was used to study streptococci carrying the carbohydrate antigens z, as a group antigen and I11 as a type antigen (strain z,III) and a mutant carrying only the group antigen (strain z3). The cell-envelope of z,III bacteria seems to consist of: (i) a thin layer, representing the membrane; and (ii) a thicker layer probably identical with the mucopeptide and the polysaccharide antigens. Staining of bacteria with ferritin-labelled antisera showed that : (i) type antigens located on the outermost layer of the streptococcal cell-envelope seem to be capsule-like materials; (ii) group antigens are located more to the inside of the streptococcal envelope.
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sera were obtained from Mr M. de Reuver, Department of Immunochemistry, Laboratory for Microbiology, State University of Utrecht. The anti-I11 serum was prepared with FIII bacteria as the immunogen, to avoid any possibility of the production of anti-z, antibodies in the antitype serum. The anti-z, serum was prepared with the mutant strain z, as the i mmunogen.
To 50 ml of antistreptococcal serum, 30 ml of a 75-5 yo (w/v) solution of (NH,),SO, was added. After standing 16 h at 4 "C the precipitate (mainly Ig G) was collected by centrifugation and dissolved in as little distilled water as possible. This solution was dialysed against 0.015 M-sodium sulphate, pH 8.0, till no NH,+ could be detected in the diffusate. The crude Ig G solution was applied to a DEAE cellulose column equilibrated with 0.015 MNa,HPO, buffer, pH 8.0. Elution occurred with the same buffer and the absorption of the eluate was measured at 280 nm. The eluate of the first peak containing Ig G was collected and concentrated with lyphogel (Gelman, Hauksley, Lancing, Sussex) to about 20 mg proteinlml. The ferritin coupling was performed according to a method of Sri Ram, Tawde, Pierce & Midgley (1963) modified by Linssen (1971). To I ml of Ig G solution, 0.6 ml of a 10 76 ferritin solution (Mann Research Laboratories) was added. The pH was raised to 10.5
at o "C with cold 5 % (w/v) Na,CO,. A cold freshly prepared solution of p-p-difluoro-m-rndinitro phenyl sulphon (FNPS)in 14ml dry propanol-free acetone (5 mg FNPS/ml) was added dropwise with stirring. The solution was stirred slowly for 24 h at 4 "C, dialysed for 3 days against 0-2 M-NaC1 and concentrated with lyphogel to approx. 0.5 yo protein.
The degree of coupling was checked with the Ouchterlony technique and with immuneelectrophoresis (Linssen, 1971) .
Electron microscopy
I. For morphological studies the bacteria were fixed in I yo OsO, (Kellenberger, Ryter & Skhaud, 1958) or 2 % glutaraldehyde, dehydrated in ethanol and embedded in Epon 812.
2. For immunoferritin experiments on whole bacteria the bacteria were fixed in a solution containing I yo glutaraldehyde and I % formaldehyde in 0.07 M-phosphate buffer, pH 7-5, for 30 min, washed three times with phosphate buffer and incubated for 20 h with the ferritin-labelled antibodies at 4 "C. The organisms were washed three times for 6 h with the same phosphate buffer and postfixed with 2 yo glutaraldehyde. After dehydration with ethanol, they also were embedded in Epon 812. 3. For studying the immunoferritin technique on ultrathin sections, the bacteria were fixed as under 2, dehydrated in increasing concentrations of glycolmethacrylate (GMA) according to Leduc & Holt (1965) and embedded in GMA, containing 5 yo diphenyl benzene (Linssen, Ultrathin sections of the embedded bacteria were incubated with 10 ,ul of ferritin-labelled antibody (0.5 % protein) in a trough (depth 9 mm, diam. 12 mm) filled to the brim with 0.1 M-phosphate buffer, pH 7.6. The incubation mixture was slowly stirred at room temperature with a magnetic stirrer. After 2 h of incubation, sections were exhaustively washed with 0-1 M-phosphate buffer, pH 7-6, and distilled water; to avoid non-specific binding of the immunoferritin complex to DNA and RNA in some cases the sections were pre-incubated with apoferritin (Linssen, 1971) . For control and blocking experiments ferritin-labelled nonspecific rabbit y-globulin and unlabelled antitype I11 (respectively) were used.
4. Sections of the embedded bacteria were prepared with a LKB ultramicrotome. Some of the sections were stained with lead citrate or uranyl acetate.
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Morphology. The wall of the mutant strain z, had a thinner and a less electron-dense appearance as compared with the parent strain (Fig. I ). The envelope of z,III seemed to consist of: (i) a thin distinct layer representing the membrane; (ii) a less electron-dense layer without specific structural features, probably representing the mucopeptide together with the wall polysaccharides; and (iii) an electron-dense layer at the site where the cross wall was in the process of dividing the organism into two daughter cocci (Fig. 2) . This latter could only be visualized at sites where the septum was forming.
Immunoferritin experiments. To get more information about the localization of the group (2,) and type (111) antigen, organisms were stained with specific ferritin-labelled anti-z, and anti-III sera. In mutant strain z, stained with anti-z, (Fig. 3) the group antigen z, appeared as a thin layer, located close to the underlying mucopeptide. In a broken organism on the right the ferritin-labelled anti-z, serum had reacted with the inner part of the envelope, i.e. the site where the cytoplasmic membrane was located.
The parent strain z,III had no visible reaction with the ferritin-labelled anti-z, serum (Fig. 4) . Only a mutant strain lacking type I11 antigens gave a positive reaction with anti-z, serum, while ferritin-labelled antitype IT1 serum did not react with the mutant strain z, (Fig. 5 ). The parent strain reacted strongly with this serum (Fig. 6 ). If whole bacteria are reacted with the antibodies, only the outer layer of the capsule appeared to consist of type It1 antigen. However, when ferritin-labelled anti-111 serum was applied to a section the whole envelope of these bacteria consisted of material which reacted (Fig. 7) . Type I11 antigen was present in abundance throughout the capsule. A positive reaction could also be seen at some sites within the cytoplasmic matrix.
Non-specific binding of ferritin molecules with DNA and RNA occurred since pre-incubation of the section with apoferritin prevented this non-specific binding almost completely (Fig. 8) . Possible sites of antigen synthesis or storage near the cytoplasmic membrane still showed their strong positive reaction with the labelled anti-Itt serum.
The specificity of the ferritin-labelled antisera was demonstrated in blocking experiments (Fig. 9) . Pre-incubation of the section with unlabelled antitype serum diminished the number of attached ferritin particles considerably, as the combining sites of the type 111 antigens were already occupied by non-ferritin-labelled antibodies. The specificity of the ferritin-labelled antisera was also confirmed by incubating bacteria with ferritin-labelled non-specific rabbit y-globulin. No reaction with the streptococcal surface antigens was observed (Fig. I 0) .
DISCUSSION
In the streptococci used in this study the type antigen was thought to form the outermost layer (preferential formation of antitype antibodies, immunofluorescence). However, no direct evidence was available. A mutant lacking type antigen had different physiological properties (spontaneous agglutination, chain length) which suggest surface differences. Electron micrographs show that in these cells the carbohydrate layer is much less conspicuous (Fig. I a, b) . This was the first direct indication for a localization of the type IIt antigen on the outermost layer of the streptococcal envelope.
Although some of the type I11 antigen can be removed from whole bacteria by washing with saline, a significant amount is firmly bound to the cell wall since purified walls of zJII contain a much higher carbohydrate content than Z, walls. Trypsin incubation stimulates the liberation of the more firmly bound type I11 antigens from the walls, suggesting the Fig. I . Electron micrographs of streptococcus zJII (a) and a mutant strain lacking the type 111 antigen (6). The lack of the type 111 antigen in the wall of the mutant strain resulted in a thinner and less electron-dense appearance. Sections fixed in OsO, were stained with lead citrate. Scale-bars indicate 0-1 pm in all Figures. Fig. 2 . Same organism as Fig. I (a) , but an older, already dividing, bacterium is shown. cm, Membrane; cw, wall, composed of mucopeptide and polysaccharide group and type antigen, without any layered structure. Fixed in glutaraldehyde, unstained. Fig. 3,4 . Electron micrographs of the mutant and parent strainafter incubation withferritin-labelled anti-z, serum. Fig. 3 . The group antigen appeared as a thin layer located close to the underlying mucopeptide layer. Fig. 4 . The labelled anti-z, serum does not show a visible reaction with the parent strain ~~1 1 1 . The presence of typelllantigenat the outer surface prevents the labelled antiserum fromreacting with the underlying group antigen. Fixed in glutaraldehyde and formaldehyde; section poststained with uranyl acetate. Fig. 5,6 . Electron micrographs of themutant and parent strain after incubation with ferritin-labelled anti-I11 serum. Fig. 5 . The mutant strain does not show a clear visible reaction with this serum as compared with the parent strain. Fixation and staining as in Fig. 3 . Willers, to be published).
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The group z, antigen must be located inside the streptococcal envelope. A mutant strain reacted with ferritin-labelled z, antibodies, whereas the parent strain zJII failed to do so (Fig. 3,4) . This is in contrast to observations with fluorescent antiserum where z,III bacteria also gave a positive reaction with fluorescent anti-z, serum (Willers et al. 1968) . Possibly, the type I11 antigen functions as a diffusion or permeability barrier, permitting the passage 
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Fig. 10. Control experiment showing the specificity of the ferritin-labelled antisera. Ferritin-labelled non-specific rabbit-y-globulin failed to give a visible reaction with the parent strain. Fixation and staining as in Fig. 3 .
of fluorescent antibodies (2 x 105 dalton) but impermeable to ferritin-globulin complexes (8 x 105 dalton). The group antigen appeared in this study as part of a rather thin layer firmly bound to the mucopeptide layer. Washing with saline or trypsin did not liberate any detectable serological activity of the group antigen. Only with methods such as hot formamide treatment, could z, activity be extracted from the bacteria. The specific reaction of ferritin-labelled anti-z, serum on the inside of the streptococcal wall (Fig. 3) that the group antigen is also located in or on the cytoplasmic membrane, or that the ferritinlabelled anti-z, serum cross-reacts with a third membrane-bound antigen, which might be a teichoic acid. Recently a hexosamine-free component with the properties of a lipoteichoic acid, that cross-reacts with anti-z, serum, was isolated (J. Huis in 't Veld, unpublished work). This component might be found in or in the neighbourhood of the cytoplasmic membrane thus explaining this positive reaction. The ferritin staining technique failed to give a clear localization of the group antigen in section, probably because of the small amount of the group antigen in these strains.
The mutant strain z, does not react with ferritin-labelled anti-I11 serum (Fig. 5 ) though some ferritin particles may be bound at sites where some type I11 activity is present. z,III gives a very strong reaction with the ferritin-labelled anti-111 serum (Fig. 6, 7) .
Particularly in the electronmicrographs shown in Fig. 7 and 8 it can be seen that the whole coat of this streptococcus consists of type 111 antigen. A very dense localization of ferritin particles, seen in the cytoplasm close to the cytoplasmic membrane, could be a site where the type 111 antigen is formed or stored.
In this strain type antigen appears to be a capsule-like material but no visible capsule could be detected by negative staining with indian ink.
